Several record-breaking precipitation events have stricken the mountainous area of Emilia-Ro magna Region (northern Apennines, Italy) over the last years. As consequence, several geomorphological processes, like widespread debris flows along the slopes and hyperconcentrated flood in the stream channels, shallow landslides and overbank flooding affected the territory, causing serious damages to man -made structures. The intensity and wide spatial scale of 20 these phenomena leads us to investigate their frequency in the past, beyond the instrumental time. A detailed study of these recent deposits compared with fossil peat bog and lake paleo deposits can provide useful insight to support a strong match between precipitation intensity and warm climatic phases in ant ecedent climatic periods, as expected by the increase air water vapour holding capacity at higher temperatures Here we present the results of the field campaign performed in summer 2017 at Lake Moo a 0.15km 2 peat bog located at 25 an altitude of 1130m a.s.l. The chosen area has been affected, during the flooding of the upper Trebbia and Nure valleys 13-14 September 2015, by several high-density flows generated by the stream that flow into the plain. Our main assumption is that, in such a small drainage basin (area <2 km 2 ), with favourable geologic and geomorphic characteristics implying advantageous sediment transfer into lake, high density flood can be triggered only by high intensity precipitation events (HIP) lasting enough time for water to infiltrate and mobilize large quantities of debris.
Data and methods 3.1 Field investigation 150
The selection of the study site has been obtained following criteria indicated by Gilli et al. (2013) and Schillereff et al. (2014) . In this respect, the Lake Moo site presents several advantageous characteristics to the archiving of paleo -Absence of natural pre-lake sediment storage zones.
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The field campaign led to the acquisition of two sedimentary cores (S1 and S2) and one trench, investigating the sedimentary succession capped by the flood deposit formed during the last HIP event ( The two cores S1 and S2, 14 and 6 meters long respectively, were performed through a continuous perforating 170 system, which guaranteed an undisturbed core stratigraphy and a high recovery percentage (S1 90% and S2 91%). The trench, carried out in between the two cores, reached the dept h of 2 meters, the length of 6 meters and the width of 6 meters. The subsurface succession was stratigraphically analysed, and the longest core (S1) was selected as reference and sampled for grain size, radiocarbon and palynological analysis.
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Facies analysis and chronology
A facies characterization of the sedimentary succession has been performed on basis of the observable macroscopic physical characteristics (i.e., grain size, sedimentary structures, Munsell chart colour and types of bounding surfaces), and granulometric data, the latter available for the reference core S1.
Relatively to the different coarse-grained levels recognized, we follow the facies tract concept. A facies tract 180 here means all facies observed within the same deposits relative of the same flood undergoing transformations along its down-slope motion (Lowe, 1982; Mutti, 1992; Mutti et al., 1996) . The facies tract approach is important because allows to recognize the following important information like:
1) the position in the facies tract with respect to the whole fluvial-hyperpycnal system;
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2) relative flood event magnitude;
3) expected related facies types in more proximal and distal areas. Table TS2 of the supplementary material. The 14 C ages were converted into calendar years using the OxCal version 3.10 software (Reimer et al., 2013) .
Temperature reconstruction and modern climatological dataset
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Central to our analysis is the availability of a reliable temperature reconstruction for the chronological period explored through the coring. In this respect the chironomid analysis of the nearby Lake Verdarolo conducted by Samarti n et al. (2017), represent a unique opportunity. Lake Verdarolo site is located at 1390m a.s.l., 270m higher and 54km south from Lake Moo ( 
Pollen analysis
Palynological analyses were carried out on 14 samples collected from core S1 to refine facies characterization of fine-grained deposits and obtain vegetation-derived paleoclimate data ( Fig. 3 ). After the radiocarbon dating, a further choice was made using only 11 samples falling into two stratigraphic intervals of our interest: the first one (I1), covering 210 10.77m to 9.33m depth and with temporal resolution 7300 -9600 cal yr BP centred on the Holocene Thermal Maximu m (HTM), the second one (I2) from 5.48m to 4.55 depth and corresponding to the exit of HTM (3900 -5500 cal yr BP). In these two stratigraphic intervals , the mean sampling resolution is 28cm. The choice of these two periods ensure a significant thermal/climatic separation and at the same time the samples were taken from predominantly lacustrine fine layers where the stratigraphic series shows characteristics of continuity of sedimentation.
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Identification of the pollen grains was performed at 1000 light microscope magnification and based on the atlases and a vast amount of specific morpho-palynological bibliography stored at the CAA Laboratory (S. Giovanni in Persiceto, Italy). Names of the families, genus and species of plants conform to the classifications of Italian Flora proposal by Pignatti (2017 Pignatti ( -2019 and European Flora (Tutin et al., 1964 (Tutin et al., -1993 . The pollen terminology is based on Berglund and Ralska-Jasiewiczowa (1986), Faegri and Iversen (1989) and Moore et al. (1991) with slight modifications that tend to 220 simplify nomenclature of plants. The term "taxa" is used in a broad sense to indic ate both the systematic categories and the pollen morphological types (Beug 2004). Identified pollen groups (between 300 and 400 pollen grains) have been expressed as percentages of the total (usually between 300 and 400 pollen grains). Pollen percentages are computed on the basis of the total pollen sum. All samples are characterized by fairly high concentration, ranging from 1,072 -30,659 p/g, and good conservation status. The discreet pollen biodiversity (60 pollen types: 22 woody, 32 herbaceous and 6 225 Monolophyta) found, suggests that flood deposits formed in a rich vegetal environment, with high floristic biodiversity.
Pollen groups are defined on the basis of common biological characteristics of the plants, useful to reconstruct vegetation dynamics due to climate fluctuations. In particular groups composition are described in Fig. 10 . Relatively to the Lake Moo site, the different coarse-grained facies from LM1 to LM9 have been interpreted as the extreme flood events triggered only by high-intensity convective rainfall events in the catchment area that flow into the Lake Moo as hyperpycnal flow. Our main assumption is that, with favourable sediment transfer into lake and small catchment area (<2km 2 ), high density flood can be triggered only by HIP due to erosion of material from the drainage system network (Milliman and Syvitski, 1992; Mulder and Syvitski, 1995; Mutti et al., 1996) . The facies from LM1 to 265 LM9 were grouped according to the genetic approach and therefore on the basis of facies tract concept as described in Fig. 4 (Lowe, 1982; Mutti, 1992; Mutti et al., 1996) . Fine-grained facies, from LM10 to LM13, are subdivided into two groups. In the first group belong the facies LM11 and LM12 expression of environment shore zone and subaqueous lacustrine deposits respectively. The second group includes the facies LM10 and LM13 expression of subaerial deposits.
270 Figure 4 . Idealized genetic facies tract interpretation of clastic deposits associated with S1 core.
Stratigraphic units
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The sedimentary succession of the reference core S1 is subdivided into five informal units, described below fro m the bottom to the top (Fig. 3 ):
Unit 1: This unit, 95 cm-thick, is represented only by the LM13 facies. Two levels can be distinguished: from 11.30 m to 11.60 m core depth is present a slickensides horizon (Bss), while from 11.60 m to 12.00 m core depth is present a 280 weathered horizon (Bw). This unit is interpreted as a mature paleo soil, likely developed on a colluvium forming the base of a structural depression;
Unit 2: This unit is 6.9 m thick and ranging from 11.30 m to 4.4 m core depth, and is characterized by the presence of several layers of coarse sediments (LM3) separated by deposits with a predominantly fine composition (LM11). The From the 3.2 m of depth follows a lacustrine deposit that closed the unit. This unit is characterized by a period of apparent inactivity of the fluvial system, until its reactivation documented in the uppermost part of the core (unit 4 and 5).
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Unit 4: This unit is thick 1.4m and ranging from 2.3m to 0.9m of depth and regis ters the return of several coarse-grained levels which are in general less thick and less coarse than those present in unit 2. These levels are prevalent separated by marsh deposits. Sharp basal and top unit contacts. replaced by fluvial ones through an erosional contact. The flood deposits produced by the rainfall event of September 13 th and 14 th 2015 closes the sequence (Fig. 5) . 
Age-depth model
The age model for the S1 core is based on eight 14 C dates (Fig. 6 ). Coarse levels are removed from the sediment record when constructing the age-depth model because represent instantaneous deposits. The 27 deposits interpreted as instantaneous events representing a total of 374.5 cm were removed, the remaining were used to build an event -free 315 sedimentary record.
Four radiocarbon dates were rejected: one (LTL18275Abis code) because it was not possible to date the sample for poor presence of organic matter, the others (LTL18275A, LTL18575A and LTL18272A codes) because it was not possible to identify a calibrate age. The lake Moo stratigraphic sequence (Fig. 3) is showing the presence of several coarse grained layers separated by deposit with a predominantly fine composition. These coarse levels are particularly developed within unit 2 (between 345 5 and 10.5m in depth) and correspond chronologically to range of the HTM of the Verdarolo curve and with the wet/high intensity phase reported at the nearby Renella and Corchia Cave (Fig. 7, Unit 2) . Zhornyak et al. (2011) attributed this high fluvial activity, which reached levels of the caves flooded only during extreme events, to an increase of strong convective events like the one that affected the region in 1996. Other authors confirm, through model simulations, higher precipitation accumulations during HTM over the Mediterranean area, especially at end of summer/autumn seasons. This
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has been linked with a greater expansion of the African Monsoon which contributed to enrich of water vapour air masses extracted from north-Africa by mid-latitude synoptic disturbances (Skinner and Poulsen, 2016 and Tinner et al., 2013 in their Climatic simulations section, Fig. 4 ). With the end of the HTM a drastic decrease of the coarse deposit levels is observed which we are assuming attributed to a decrease in frequency of HIP. In particular, t he transition between unit 2 and 3 is marked by an important unconformity contact. This unconformity is followed by deposits of shorezone 355 environment and subsequently at the top of unit 3 by lacustrine deposits. The top of the unit 3 sequence has a calibra ted age that is approximately 146-14 BP and is characterized by a period of apparent inactivity of the fluvial system, until its reactivation documented in the units 4 and 5 due to hypothesized new increase of HIP in recent times. The upper most part of the unit 4 has an age of about 149-11BP. Finally, the disappearance of lake deposits replaced by fluvial ones through an erosional contact is marked by unit 5.
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From this first qualitative comparison we can affirm that there is a positive correlation (at the millennial scale) between temperatures and precipitation peak deducted from nearby speleothem records and the level of alpine lakes. This confirms findings from other authors (for example Marcott et al. 2013 , Giguet -Covex et al., 2012 , which are associating greater warmth (in the northern hemisphere) with periods of more intense precipitation.
Instrumental data, available since the second half of the last century from the Eraclito ER dataset, has been added to the Verdarolo curve to allow a comparison between geological time and recent instrumental data. The overlap with the latest part of Verdarolo reconstructed curve suggests a good accuracy of the reconstruction technique in this region (Fig.   8 This rise of temperature is associated also with a comparable unprecedented intensification of fluvial deposition, testified in the core, by the deposition of units 4 and 5, which marks the transition (in a short time) from marshy to fluvial 380 sheet-flood deposits (Fig. 5) . In fact, the recent sedimentation rate (computed from the core S1) is 1.27m/100y since 1850, that is 10 times higher than HTM (0.124 m/100y from 5455-9672 BP). In particular, whether the lower or upper end of the 2 sigma confidence level associated with the dating at 280cm depth (146-14 B.P.) is considered, the frequency of the coarse grained deposits (Unit 4 and 5 in figure kk), triggered hence by HIP, varies from a minimum of 5 events every 100 years to a maximu m of 12 events every 100 years, respectively. This observation reinforces the trend of increasing 385 precipitation intensity (both as daily maximu m and as monthly cumulative values) that is already emerging in the autumn months from the instrumental data as shown in Fig. 9 . 
